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Design and Development of an Actuation System for Morphing Wings
Faculty Mentors
Dr. Konstantinos Kanistras, Assistant Professor, Mechanical and Aerospace Engineering
E-mail: Konstantinos.kanistras@uah.edu Phone: (256) 824-5089
Office: Technology Hall, Rm S232, UAH
Previous participation in RCEU: No
Dr. Kavan Hazeli, Assistant Professor, Mechanical and Aerospace Engineering
E-mail: Kavan.hazeli@uah.edu Phone: (256) 824-2257
Office: Technology Hall, Rm N260, UAH
Previous participation in RCEU: No
Project Summary: The main goal of the proposed work is to design and develop a lightweight
actuation system for a morphing flap capable of sustaining a smooth operation under aerodynamic
loads. The fundamentals of aircraft design have seen little improvement over the past decades and
the vast majority of aircraft seen today are equipped with a specific set of aerodynamic properties
that allow for a narrow range of missions. Using a morphing (adaptive) wing, whose geometry
varies according to changing external aerodynamic loads, the airflow in each part of the aircraft
mission profile can be optimized, resulting in an increase of aerodynamic efficiency during flight.
Inspired by birds, which are naturally able to
manipulate their wings to accomplish various tasks,
researchers have long tried to develop morphing wings
on aircraft to optimize their performance for multiple
missions. However, some of the main challenges that
have to do with the added wing complexity, weight
penalties, the smooth operation of the mechanism
Fig. 1: Morphing cove fillers for slat and flap (top)
under aerodynamic loads while maintaining the and morphing leading edge and trailing edge. [H. K.
chord-wise bending stiffness and skin resistance to Jawahar et al. “Experimental Investigation of Flow
A round Three-Element High-Lift Airfoil with
deformation constrained the use of morphing wings. Morphing Fillers”].
On the other hand, Additive Manufacturing (AM) has
already proven to be particularly valuable in the aerospace industry because of the opportunity to
reduce the amount of pieces needed to build parts. Furthermore, AM enables manufacturing parts
with selective strength, toughness, and ductility by linking multiple types of topologies in the case
of “lattice structures”. Such introduces a new degree of design freedom to build morphing
structures with identical geometry, but for instance, bend in different ways. In fact, AM not only
allows for the building of different topologies in one unit but also building bi-metallic LS and
graded microstructures that result in building parts with different properties in different locations.
Therefore, the idea to create “smart” parts that quickly respond to the operational environment is
achievable through research similar to the one is proposed here. For example, the chord length of
a conventional aircraft wing is altered using leading-/trailing-edge flaps/slats, usually actuated by
screw systems. However, the discontinuous contour of such a wing design diminishes the
aerodynamic performance of an aircraft (Fig. 1). On the other hand, a wing with a continuous
contour does not experience extreme flow-stream fluctuations during flight, resulting in good

aerodynamic characteristics. A morphing flap using shape memory alloy (SMA) actuators will be
designed, developed and tested. SMAs are able to return to their initial shape once heated. SMA
spring actuators, located in the internal structure of the wing will be used to change the flap
configuration.
The RCEU student’s tasks in the project include:
i.) Design the actuation system and test it using Abaqus.
ii.) Build the actuation system and experimentally test it.
iii.) Integrate the system with a wing (wind tunnel model).
Student Prerequisites
The student will be required to have the following skills: i) Strong background in aerodynamics
and aerospace structures; ii) Very good knowledge of Solid Edge/ SolidWorks and Abaqus; iii)
experience with 3D printing; iv) Experience with writing technical reports; v) A minimum GPA
of 3.2 is required.
Student Duties & Deliverables
The project will require an extensive laboratory effort but also the archiving of results in a formal
manner. During these experiments the student will require to use analytical and observational
skills. The experimental results must be routinely logged (e.g., log-book) and quality controlled.
Repetition of testing is required to assure repeatability but also determine the inaccuracies of the
observations. The student will present current results and report progress on a weekly basis. A
final report will be submitted during the ~12th week and evaluated by the mentors. The student can
also have the opportunity to present the findings in UAH seminars for undergraduate research or
national symposiums/conferences. A tentative timeline for 12 weeks is as follows:
Week 1: Introduction to both labs, equipment, and background.
Weeks 2-3: Review literature on SMA actuators and present a design and a design alternative.
Weeks 4-5: Finalize designs and purchase required parts.
Weeks 6-8: Design build and test the qualified actuator.
Weeks 9-10: Integrate the system on the wing and test it.
Weeks 11-12: Analysis and documentation of the results including a poster.
Mentor Supervision and Interaction
During the summer semester, both mentors spend the majority of their time working in the lab and
assist students during experiments. Thus, the mentors will have regular interactions with the RCEU
student. The student will also have daily interactions with the graduate students who work and
conduct research in the labs. Direct supervision, mentoring, and evaluation of the project by both
mentors will occur weekly at regularly scheduled project meetings. In the weekly meetings the
current status of the project, recent results, difficulties encountered, next steps, and address any
other issues that may come up will be discussed.

